The city of New Orleans suffered extensive damage as a result of Hurricane Katrina. Katrina overwhelmed the natural and built environment, inundating the city. As rebuilding proceeds, decisions on investment in protective measures will include the choice of lines of defense and the storm severity that design criteria should meet. An exhaustive list of protective measures has been studied in planning documents such as the Louisiana Coastal Protection and Restoration Technical Report (2009), with public comment solicited in town hall meetings. In this study we employ a different approach to examine public sentiment towards the selection and investment in protective measures. Our study utilizes a stated choice experiment with a stratified sample to investigate individuals' willingness-to-pay for rebuilding New Orleans' man-made storm defenses, restoring natural storm protection, and improving evacuation options through a modernized transportation system. We target residents of the New Orleans metropolitan area as well as other US citizens. Our results indicate that individuals are willing-to-pay for increased storm protection for New Orleans, but the allocation of these resources differs among residents of the New Orleans metro area and other US citizens.
Introduction
Hurricane Katrina made landfall on the Louisiana-Mississippi border of the Gulf Coast August 29th of 2005, leaving behind widespread devastation on the Alabama, Mississippi, and Louisiana coasts. Although the eyewall of Katrina did not pass directly over New Orleans, wind driven waves and storm surge breached several points in the levee system, demonstrating that the city was ill equipped for a storm of Katrina's magnitude. Insufficient artificial and natural storm protection, in conjunction with New Orleans' highly vulnerable physical and human geography, contributed to devastation throughout the city.
Media images of the disaster in New Orleans were burned in the social consciousness of the American public. At the time of the storm, New Orleans was a city of immense poverty and racial inequality. 1 To make matters worse, many of New
Orleans' most vulnerable citizens lived in low lying areas most susceptible to flooding.
Although evacuation orders had been made before Katrina's landfall, many New Orleans residents were unable or unwilling to leave. According to the 2000 US Census, 35% of African American households in New Orleans had no vehicle. Government officials at the city, state, and federal levels had not only failed to protect New Orleans adequately from this type of event; they were also unprepared for the emergency management challenges leading up to the storm and in its aftermath. The confluence of poor preparation and the vulnerability of the city and many of its people, led to one of the most costly natural disasters in U.S. history.
In the aftermath of Hurricane Katrina, the public has been forced to make difficult decisions concerning how to rebuild. The geographic and social vulnerabilities of New
Orleans contribute to the complexity of determining how government will allocate public funds for rebuilding. There was an estimated $10 billion in damage to roads, bridges and the utility system in New Orleans alone. In Orleans Parish, 134,344 housing units (71% of the housing stock) were damaged, making rebuilding no small feat. New Orleans borders water on three sides, and much of the city lies below sea level, essentially creating a bowl between Lake Pontchartrain and the Mississippi River. When the levees fail, as they did after Katrina, this bowl can fill up, leaving much of the city underwater.
New Orleans relies heavily on a system of levees and pumps which hold back Lake
Pontchartrain and the Mississippi River and remove water when it enters the bowl.
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Clear evidence of this vulnerability is the 27 major flooding disasters that have occurred in New Orleans over its roughly 300 year history (Kates, Colten, Laska, and Leatherman 2006) .
During Katrina, over 80% of New Orleans was flooded, largely as a result of failed levees. A preliminary analysis by the University of California at Berkeley and the American Society of Civil Engineers determined that these levees failed before they were overtopped, indicating design failure (Seed et al. 2006) . The potential damage from a major hurricane had received considerable attention from the media and academics prior to Katrina. 3 Unfortunately, there was insufficient political will to heed these warnings and protect the city in time. The existing system did not perform up to its projected Category 3 storm-protection standard.
There are a number of reasons as to why federal, state, and local governments failed to adequately fund levees and other flood protection measures. The U.S. Army
Corps of Engineers faced cost increases and design changes stemming from technical in New Orleans, not only for President Bush, but also previous administrations. Kunreuther and Pauly (2006) refer to this phenomenon as the not in my term of office (NIMTO) syndrome.
Aside from man-made structures, natural coastal features such as wetlands and barrier islands provide additional storm protection for coastal regions. Previous estimates from Hurricane Andrew suggest that a linear kilometer of coastal marsh can reduce storm surge by roughly 7.9 cm (Lovelace 1994) . While flooding from Katrina was largely the result of failed levees, degraded coastal wetlands played a significant role in the disaster.
Louisiana has experienced significant losses of coastal wetlands, stemming from individual and government actions at various levels within the Mississippi River basin. term spatial externalities associated with losses in ecosystem services as JARing actions (Jeopardized Assets that are Remote). The construction of levees, dams, and canals in the Mississippi River basin since the 19 th century has significantly changed sediment transport in the system. Alterations in sediment transport have starved wetlands (Turner 1999) . In addition, land subsidence (either natural or due to hydrocarbon extraction) and rising sea levels threaten low lying coastal areas (Morton et al. 2002) . Decreased sediment flow and resource extraction have imposed external costs on New Orleans and other Gulf coast cities in the form of a degraded natural environment and reduced storm protection. 
Preferences for Rebuilding New Orleans
The main purpose of this paper is to evaluate individual preferences for the reconstruction of New Orleans. The rebuilding plans constitute a series of local public goods; we estimate individual willingness to pay for these public goods. Since many
decisions have yet to be made on restoring New Orleans, we employ hypothetical choice experiments (CE) to assess preferences for rebuilding. CE are a stated preference method that can be used to value the characteristics of rebuilding projects. In a CE, subjects are asked to express a preference over several alternatives. The alternatives vary in the levels of attributes offered, and can include a status quo or "no choice" option. The attributes associated with each option and their levels are chosen by the researcher to address the valuation question at hand. By observing respondents' choices over a number of choice sets, we can learn about the tradeoffs individuals are willing to make in terms of a rebuilding plan for New Orleans.
Our principal sample is composed of New Orleans metropolitan area households -the primary beneficiaries of rebuilding efforts. We employ a random digit dialing survey that utilizes paired comparisons -status quo rebuilding plan versus an alternative that can exhibit improvements in flood control, coastal restoration, and/or transportation infrastructure. The paired comparison approach was deemed necessary because visual aids were difficult to employ with a telephone survey. By focusing on status quo versus an alternative in each choice set, we minimize the amount of information that respondents must process, as the status quo was constant across all choice sets. We utilize an experimental design that allows us to maximize statistical performance while maintaining task simplicity. In addition to the New Orleans subjects, we also gathered choice data from a sample of U.S. households.
Experimental Design
Our choice experiment investigates rebuilding options using four primary attributes: i) levee augmentation, ii) coastal restoration, iii) transportation system improvements, and iv) a funding mechanism in the form of a one-time increase in federal income tax payments. As indicated in table 1, each program attribute has two levels, while the tax attribute has four levels. The initial level of each program attribute is described as the status quo level in order to facilitate the pair wise choice design. Similar to previous work in the environmental literature (Adamowicz et al. 1994 (Adamowicz et al. , 1998 Layton and Brown 2000; McGonagle and Swallow 2005; Ladenburg and Olsen 2008) , the choice experiment focuses on preferences for public goods -in our case, this is rebuilding or improving public works -rather than preferences for private goods, such as funds for rebuilding private property (which would primarily benefit individual households and businesses). We focus on public projects which decrease existing vulnerabilities (levee augmentation and coastal restoration) or enhance evacuation possibilities (improvements in transportation infrastructure). Examples of conjoint choice sets can be found in section B of the Appendix.
Respondents were given a choice between two levels of flood protection. The status quo option was to ensure that all levees were capable of withstanding the wind, waves, and storm surge that would accompany a Category 3 storm. The alternative option would fortify all levees to be capable of withstanding the wind, wave action, and storm surge consistent with a Category 5 hurricane. By congressional mandate, the LACPR offers multiple planning options capable of providing this level of protection. As such, we chose to focus on this level of storm protection, which will provide a sense of the magnitude of the maximum benefits that storm protection could provide. This estimate would be an upper bound on other levels of storm protection, all else being equal.
The choice sets include an option for restoration of Louisiana's coastal wetlands.
The status quo option is no coastal restoration, and the alternative is to invest in restoring coastal wetlands. Improvements in coastal wetlands would provide additional protection against hurricane force winds and storm surge. In addition, restoring coastal wetlands would provide for additional environmental benefits, such as fisheries habitat and other ecosystem services. These additional benefits were not noted in the survey, but we suspect that many coastal residents are aware of these additional benefits.
The survey also asked respondents to consider improvements in New Orleans' transportation infrastructure. The status quo option entails limited bus service, street cars, and conventional roads. The alternative is modernized transportation infrastructure that includes expanded bus and light rail (e.g. street car) service and improved road networks. The modernized transportation system would provide for improved transit through the city on a day-to-day basis and would enhance the ability of citizens to evacuate in the event of a hurricane.
The payment vehicle was a compulsory, one-time increase in federal income tax payments for all U.S. households. The status quo was provided at zero additional cost, while the tax payment associated with the alternative varied at $50, $150, $300, or $450 per household. The survey explicitly states that all money raised by this one-time tax would go directly to rebuilding projects in New Orleans and restoration projects in coastal Louisiana.
Hypothetical bias is a potential limitation of our CE research method. This bias can arise within a stated preference framework due to the hypothetical nature of the exercise; lacking real incentives for choice, subjects may not be sufficiently motivated to expend cognitive effort to search their preferences. Evidence of hypothetical bias in CE is mixed (Carlsson and Martinsson 2001; Lusk and Schroeder 2004; Johansson-Stenman and Svedsäter 2008) . Lusk and Schroeder (2004) find suggestive evidence that CE are capable of producing unbiased estimates of marginal willingness-to-pay (WTP), while there may be bias in estimation of total WTP. There is some evidence that hypothetical bias can be attenuated through application of a "cheap talk" script, which focuses respondent attention on the phenomenon of bias and encourages them to respond as if the exercise were real (Carlsson, Frykblom and Lagerkvist 2005; List, Sinha, and Taylor 2006) . We, thus, employ a variant of cheap talk that is similar to the original language in Cummings and Taylor (1999) , but shortened to fit within the context of a telephone survey and changed to reflect differences in the nature of the good being valued. The cheap talk script is included in section A of the Appendix.
With our proposed attributes, a full factorial design has 32 choice sets; fully efficient designs for linear models can be constructed with 8 or 16 choice sets. We chose 16 choice sets, which represents a fractional factorial design from which main effects can be estimated. The choice of a fractional factorial design partly reflects the fact that there were dominated options in the full factorial (e.g., status quo conditions at zero vs.
positive price); we did not allow for dominated options. We follow Huber and Zwerina (1996) in constructing a linear experimental design that is orthogonal (levels of each attribute vary independently of one another) and balanced (levels of each attribute appear with equal frequency), and one for which overlap of attributes within each choice set is minimized and utility is balanced so that expected probabilities are equal across choices.
We employ SAS Macros %MktEx and %ChoiceEff to design a fully efficient (100% A and D efficiency for a linear model) fractional factorial design of 16 pair wise choice sets (Kuhfeld 2005) . In all choice sets, the status quo is offered against an alternative plan that has at least one improvement in program attributes.
As our econometric model is non-linear, however, we cannot claim that our design is in fact fully efficient (which would require advance knowledge of unknown parameters). Huber and Zwerina (1996) claim that using linear designs for choice experiments is a reasonable approach in situations for which no prior knowledge of parameter estimates is available. In order to lessen the burden on subjects, we utilize a blocked design of the 16 choice sets, employing four choice sets per respondent. The In an effort to address potential response bias, we develop a weighting scheme to adjust data to match characteristics from the 2006 American Community Survey (U.S.
Census Bureau). Our inverse probability weights are based on observable demographic factors -gender, race, Latino status, education level, marital status, and income. Table 2 depicts the weighted and un-weighted descriptive statistics for the New Orleans and U.S. strata. We estimate choice models for both strata, and combine the strata in order to estimate a single model, applying weights so that the results reflect observable population characteristics.
The average New Orleans respondent had been living in the metropolitan area 41 years, and 76% of households contacted have at least one set of parents from the New Orleans area. Eighty-one percent were in New Orleans when Hurricane Katrina struck. 
[2]
We assume the observable portion of utility is additive:
. Under the assumption that the error terms in 
Under the formulation of RXL, the unconditional choice probabilities are:
The likelihood function is the product of [6] over all individuals in the sample. The means of the ψ and α parameters, as well as the means and variance terms for β are recovered from Simulated Maximum Likelihood estimates.
The LC model differs from the RXL in that it incorporates unobserved individual heterogeneity through the use of discrete rather than continuous mixing distributions. In this model, it is hypothesized that individual specific characteristics ( ) sort individuals into K groups. Each group potentially has different preferences over project choices, so that the probability of [2] conditional on membership in group k is:
[7]
Since the unobserved errors are i.i.d. extreme value across t, the conditional probabilities for a series of choices i = {i 1 ,…i T } by type k is given by the product of [7] across choice occasions:
[8]
Group membership is unknown to the researcher. The conditional choice probabilities in [8] are weighted by logit probabilities for class membership, that take the form:
where the vector s n contains demographic variables that influence class membership according to unknown parameters . Identification requires that parameters for one are normalized to zero. The unconditional probability for a series of choices by individual n is obtained by a weighted sum of [8] over the k groups, where the weights are given by [9] :
The parameters of model [10] are estimated by maximum likelihood.
We use compensating variation (CV) to measure the incremental welfare change, matrix. In our application we take 10,000 random draws in order to develop both 90%
and 95% confidence intervals of MWTP.
Results
The random utility models (RUMs) are estimated using Matlab and NLOGIT (Greene 2007) . 4 We estimate three models using the RXL estimator, corresponding with New Orleans, U.S., and combined datasets. Each model includes dummy variables for projects with category 5 levees, coastal restoration, and modernized transportation system. For the U.S. and combined models, all of these parameters are assumed to be drawn from a normal distribution with diagonal covariance matrix. For the New Orleans sample, the coefficient for the Category 5 levee and modernized transportation are assumed fixed; estimated standard deviations for these parameters under the assumption of normality were not statistically significant. 5 The coefficients for the alternative specific constant representing the status quo option and the tax variable are assumed fixed. Models were estimated using Maximum Simulated Likelihood based on 1000
Halton draws. 6 Table 6 presents the parameter estimates for RXL choice models.
In each of the three models, the constant representing the status quo is not statistically significant. As anticipated, the coefficient on the one-time tax increase is negative and statistically significant at 0.1 % chance of a type I error in each model. For each model, the coefficient representing category 5 levees is positive, implying that individuals prefer projects that implement the maximum level of storm protection. Each coefficient representing category 5 levee protection is statistically significant at the 1 % level. Among project attributes, category 5 levee protection has the largest coefficient, indicating that the average individual believes this project attribute is important relative to other program attributes. Under the assumption of normality, the standard deviation for this coefficient suggests that most individuals exhibit positive preferences for this attribute, but significant preference heterogeneity does exist for U.S. and combined models.
In allowing for a random parameter for coastal restoration, the standard deviation was found to be statistically insignificant for the New Orleans model. Employing a fixed coefficient, the mean utility effect for coastal restoration in the New Orleans models is statistically significant (at the 10 % level), and we estimate a positive parameter. Results for U.S. and combined models suggest that utility values for coastal restoration encompass both negative and positive values. The mean coefficient for coastal restoration is not statistically significant in these models, but the standard deviations are statistically significant at the 1 % level. We interpret these results as indicating that some individuals in the broader population value coastal restoration while others perceive it as something that should not be funded through general taxation.
The coefficient for modern transportation is positive in each model, but statistically significant only for the New Orleans (5 % level) and combined (10 % level)
estimates. As variability in the random parameter was not statistically significant, the In an effort to investigate determinants of preference heterogeneity within our samples, we also estimated LC models for both the New Orleans and U.S. samples.
While these efforts were inconclusive for the New Orleans sample, the approach did reveal potential sources of variation in preferences among U.S. residents. We focus on a similar specification for the LC model, with a status quo alternative-specific constant, a project tax or cost variable, and indicator variables for category 5 levees, coastal restoration, and modernized transportation systems. Socio-demographic variables defining the finite mixture probabilities are comprised of household income and the likert scale response indicating the importance of coastal wetland restoration. Table 7 presents the results of the latent class model for the U.S. sample.
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For the LC model, respondents are endogenously divided into K = 2 groups, with posterior probabilities suggesting that roughly 35% of the sample falls into the first group and the remaining 65% in the second group. The class membership probability parameters indicate that the first group views coastal wetland restoration as less important than the second group. The negative sign on the income variable also indicates that the first group is represented by lower income households. The status quo variable is positive and statistically significant for group 1, indicating that individuals with less concern over coastal restoration and lower income are more likely to vote for no improvements in the rebuilding plan for New Orleans. For each group, the coefficient for category 5 levees is positive and statistically significant at the 1 % level, implying that individuals in both groups prefer projects that employ the maximum level of storm protection. Individuals in the second group respond positively to projects that include coastal restoration, while choices in the first group were not affected by coastal restoration. The coefficient for modern transportation was positive for both groups, but not statistically significant. Lastly, the coefficient on tax is negative and statistically significant at the 1 % level for each group, as expected. The negative impact of cost, however, is four times larger for those in the first group. 
Discussion and Conclusions
Following the extensive devastation unleashed by Hurricane Katrina, policymakers must make difficult decisions about how to rebuild storm defenses in New
Orleans and along the Gulf Coast. Increasing costs of protection and maintenance and evolving vulnerabilities due to climate change and human intervention in natural coastal systems have exacerbated hazards in southern Louisiana. These tendencies combined with historical social and economic inequality and a lack of political will to address vulnerabilities contributed to the Katrina disaster. In the wake of the storm, comprehensive coastal protection plans for Louisiana and Mississippi have been proposed and are in the vetting process at this time. The plans propose multiple lines of defense that include shoring up man-made flood defenses and restoring natural defenses in the region. But, how do the affected parties, both at the local and national level, value investments in public goods designed to reduce vulnerabilities along the Gulf Coast?
Employing choice experiments via a random digit dialing telephone survey, we produce estimates of economic value for public projects that reduce risk from severe storms. Our experiment offers improvements in levee flood protection, coastal restoration, and improvements in transportation infrastructure. Each alternative improvement scenario is associated with higher one-time payment of federal taxes for all U.S. households. These improvements are valued in pair wise comparisons with status quo conditions, and thus our estimates represent marginal willingness-to-pay for riskreducing projects. Each subject evaluates four pair wise choice sets of the total 16 choice sets, which were designed using efficient algorithms for linear models. The choice experiment was implemented as a referendum with majority rules provision, and subjects were instructed to treat each choice as independent of other choices.
In general, respondents find traditional engineered flood protection structures to be the most salient and valued line of defense. The local and national sentiment indicates that improved levee protection is a valuable public investment. Coastal restoration garners some support but not to the degree that built flood protection systems received. 
Iterations
Standard errors are in parentheses. *** indicates statistical significance for 1 percent chance of type I error; ** indicates statistical significance at 5 percent, and * indicates statistical significance at10 percent.
